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Introduction
Horizontal equity in health care is commonly defined as equal treatment for equal need.
A large part of the empirical literature in this field focuses only on violations of the principle of horizontal equity that are related to income or socio-economic status and measures inequity using standardized concentration curves and indices (Wagstaff and van Doorslaer, 2000a) . These studies fail in providing a measure of inequity associated with variables that do not vary with income or socio-economic status since their tools of analysis do not capture such aspects. Moreover, the magnitude as well as the sign (propoor or pro-rich) of inequity is affected by the degree of control for need within the morbidity categories considered. This is particularly evident whenever heterogeneity in unobservable need variables occurs across rich and poor (van Doorslaer and Wagstaff, 1992; Bago d'Uva et al., 2007) .
There is evidence that in OECD countries many other variables drive inequity beside income, especially in countries where health care is provided mainly free of charge.
Income does not explain the probability of visiting a general practitioner across most of the OECD countries, while it is associated with inequity in visits to a specialist in almost all countries (van Doorslaer et al., 2006) . However, income is not always the most important factor in explaining subsequent visits to a specialist (van Doorslaer et al., 2004) . Moreover, some authors find evidence that other variables such as ethnicity, education and employment status drive inequity in both primary and secondary care in the English NHS (Morris et al., 2005) .
Many of the empirical studies on inequity in health care adopt a regression-based approach . This strategy includes characteristics that are not related to income in the analysis of inequity. Most of these studies model the probability of receiving health care as a function of a set of need variables and a set of other individual characteristics and policy variables. Inequity is found whenever the probability of receiving a treatment depends on variables that do not belong to the set of the need variables. This approach is effective in identifying the presence of inequity as well as the factors driving inequity, but has considerable limitations in quantifying inequity and in making inequity comparisons. For instance, suppose we find a significant difference in the regression coefficient that describes the admission rate of people in region A with respect to people in region B, after controlling for need. Such a result is sufficient to state that the principle of equity has been violated since, on average, people having equal need are not treated equally in the two regions. However, the difference in the admission rate between A and B is a measure of inequity only if we define equity as average equal treatment for average equal need. The regression approach restricts the inequity analysis: the measure of inequity is consistent with social preferences that care only for the group averages captured by the regression analysis.
Hence, we lose information on the distribution of health care within groups A and B, which the parameters of the regression are not able to represent. This restriction is also present in empirical work that investigates the determinants of inequity using the Oaxaca-type (1973) decomposition technique. Generally, such work decomposes the difference between the group means of the outcome variable (e.g. health care utilization of poor and rich groups) into differences in the means of the determinants (e.g. need, income, regional location) and differences in the effects of these determinants (O'Donnell et al., 2006) . Therefore, inequity is measured as differences in the group means and it is implicitly assumed that giving the same weight to each observation is a desirable way of aggregating the health care distribution into a single index. * The methodological contribution of this paper is to apply some developments in the literature on poverty and deprivation to the analysis of inequity in health care (Jenkins and Lambert, 1997; Shorrocks, 1998) . This produces a new approach to the measurement of inequity that enlarges the scope of the analysis and offers advantages with respect to the previous empirical literature. It provides inequity ranks that are consistent with a wide range of social preferences for equity and offers a useful graphical representation of important aspects of the distribution of inequity in the population. Further, a class of indices consistent with dominance is introduced in order to aggregate the distribution of inequity into a single value. * Some empirical studies on discrimination in the labour market adopt a quantile regression technique and then apply the Oaxaca-type decomposition at different points of the wage distribution, in order to incorporate distributive aspects in the inequity analysis. Del Rio et al. (2006) highlight a shortcoming of this approach, i.e. re-rankings of people across quantiles in the counterfactual distribution.
The new approach allows a decomposition of inequity into population subgroups.
Inequity measured in the population as a whole can be decomposed into a weighted sum of inequity experienced in any partition of the population. This property permits inequity rankings across specific demographic groups within the population (e.g. education, or region, or ethnic groups) and identification of those which are particularly suffering inequity. Also, it is possible to analyse variation in inequity associated with discrete variations in any characteristics of interest in the groups considered (e.g. level of education, or age, or travel distance from hospital, or socio-economic status). Thus, the additive decomposability property enlarges substantially the scope of the inequity analysis with respect to previous studies based on concentration curves and indices.
Moreover, this property allows us to test for the robustness of the inequity ranks when need is not perfectly observable in the population. We can decompose the measure of inequity for the total population in subgroups that are relatively homogeneous with respect to their unobservable need characteristics. Then, we can test if the inequity ranks for the total population are consistent in these subgroups. For example, if we are interested in ranking inequity across regions, we can test the robustness of our ranks by selecting the poorest deciles of the population and checking whether our ranks for the total population hold in that sub-sample. Since income is likely to be correlated with need, it can be used as a proxy when the latter are unobservable.
Finally, the measure of inequity does not rely on the socio-economic status (SES) of our observations. We are able to obtain a measure of inequity whenever such information is missing or inaccurate (e.g. when SES is a discrete or categorical variable). Also, we are able to analyse sources of inequity which are unrelated or weakly related to income, such as regional disparities in the supply of care, education, ethnicity, age, and gender.
The second contribution of this paper is an empirical application of the new method to the analysis of the GP fundholding reform in the English NHS. We measure the effect of the reform on equity in the utilization of secondary care for elective hip replacements across the electoral wards of England. GPs act as gatekeepers to secondary care in the English NHS and traditionally bore no financial cost in referring patients to secondary care. In allowing GP practices to hold budgets for hospital care, and to re-invest any savings within the practice, the fundholding reform aimed to give a financial incentive to manage access to secondary care to those GPs who joined the scheme. The consequences of this reform for overall access to secondary care have been intensively studied. There is evidence that GP fundholding practices reduced overall elective admission rates (Dusheiko et al., 2006) while at the same time reducing the average waiting time for secondary care admissions (Propper et al. 2002) . However, there is little evidence on equity. We provide measures of the impact of the GP fundholding reform on equity that are consistent with a wide range of social preferences for equity.
We use elective hip replacements as an indicator of health care inequity and examine inequity in the distribution of elective hip replacements within the most socioeconomically deprived quartiles of electoral wards of England. Hip replacement is performed routinely and is a common, effective and low risk surgical procedure. It is often considered one of the most important examples of health care inequality in small area administrative studies, since it shows a clear socio-economic gradient after controlling for need (Chaturvedi and Ben-Shlomo 1995; Dixon et al., 2004; Cookson, et al., 2007) .
We find evidence that the most equitable GP practices self-selected into the scheme during the first three "waves" of fundholders (FHs) from 1991 to 1993. We also find evidence of a significant inequity-reducing treatment effect in 1992 and 1993 as well as a self-selection effect: the hypothesis of no treatment effect on equity is rejected in 1992 and 1993, after controlling for self-selection. However, we cannot attribute either selfselection or treatment effects to individual year-by-year waves of FHs. Since effects are observed at ward level, it is not possible to identify which among multiple vintages of fundholding practices serving the same ward contributed which portion of the effect. No evidence of a treatment effect is found in 1994 to 1996, and a reduction in the selfselection process is also found as these later waves of GP fundholding were launched.
Health care deprivation profiles as a measure of inequity
This section provides the theoretical framework underlying our approach to the measurement of inequity in the delivery of health care. Its foundations rely on previous work by Jenkins (1997) and Shorrocks (1998) in the literature on poverty and deprivation.
Consider a vector of observations on health care utilization: h = (h 1 , h 2 ,…, h n ). The elements of the vector h might be number of visits to a specialist, or measure of a specific procedure such as number of elective hip replacements, within a given time period.
Define the vector h * = (h * 1 , h * 2 , …, h * n ) that for each observation in "h" gives its needexpected level of utilization as a function of a set of need indicators "n" (e.g. age, sex, self assessed health status, presence of limiting long term illness, etc.):
This approach does not depend on a specific "need adjustment". For instance, h * can be exogenously set by a policy maker as the minimum amount of health care resources that individuals or communities should receive given their need. In this paper, we follow the tradition of the literature on inequity in health care and define h * as a function of a set of need indicators and observed health care utilization:
Equation (1) and (2) can be specified at either the individual or small area level. When the units of analysis are individuals, the vector h * in Equation (2) could be computed using the indirect standardization approach described in Wagstaff and van Doorslaer (2000a) . Here, we describe the computation of h * when the units of analysis are small area observations. This should facilitate the illustration of the empirical application in section 4, in which we use electoral wards as unit of analysis. However, the methods that we describe in Section 2 and 3 also apply at the individual level. 
Where p ji is the number of people in area i that belong to need class j (e.g. number of males aged 45-54 suffering from arthritis in electoral ward i); ji h is the observed health care utilization in area i for need class j. The value h i * can be interpreted as the amount of health care utilization that we would expect to observe in the area i given its population, if each of its need groups had the same utilization rate as the population as a whole (i.e. the national utilization rate j h ). The computation of a need-expected distribution similar to h * is a well establish approach in many empirical studies on the measurement of inequity (Wagstaff and van Doorslaer, 2000b) . Also, in the epidemiology literature h * defines the number of expected events in the computation of the indirectly standardized incidence rate (where j usually are based on age and sex variables; Breslow and Day, 1987; Clayton and Hills, 1993) . Now, define the vector of health care gaps (HCG), x = (x 1 , x 2 ,…, x n ), as the vector of distances between need-expected and actual utilization, when the gap is positive, and zero otherwise:
Define the health care deprivation profiles † (HCD) as: ( ) * * max ;0 0 , ,
The Proof of proposition 1 is given in Appendix A.
Proposition 1 holds for both "health care deprived" and "health care non-deprived areas", i.e. those areas below and above their need expected health care utilization h * .
The HCG vector rules out the possibility of having all the areas above or below the need expected frontier of health care utilization (i.e.
. If some area increases its health care consumption, this will result either in subtracting resources from other areas and/or in raising the need expected health care utilization for all.
Intuitively, Proposition 1 is a direct consequence of the definition of the vector h* as a function of the average level of health care utilization observed in the total population (Equations (3) and (4)). Thus, the need expected frontier of health utilization is endogenously determined. 
The proof of Proposition 2 is given in Appendix B.
ij j p p is the share of the total population in the need class j living in the area i; j h H is the share of health care utilization of all the people in the need class j with respect to the population as a whole; ij h H is the share of utilization of people in the need class j living in the area i. The need adjusted share of the population is obtained from indirect standardization of the population of every area with respect to the J need classes (Equation (3) and (4)). The right hand side of Equation (10) contains a condition of horizontal equity:
If two areas have an equal need adjusted population share, then they should have an equal share of health care utilization. This condition is similar to the one proposed in Wagstaff and van Doorslaer (1991) with respect to population income groups, and widely accepted in the literature. Proposition 2 states an unequivocal relationship between the condition of the absence of deprivation and the condition of horizontal equity in the whole population of areas. Conversely, the relationship between the presence of deprivation and horizontal inequity is weaker:
Proposition 3: If an area is deprived in health care, then it is also unequally treated with respect to all other areas:
The proof of Proposition 3 is given in Appendix C.
By Proposition 3, an area can be unequally treated and not necessarily be deprived in health care. Specifically, all the areas above the frontier of need expected utilization are not deprived in health care and may well have unequal share of health care for equal need. However, if any area is above the frontier of need expected utilization, then at least one area will be deprived in health care by Proposition 1, and the whole population will suffer inequity by Proposition 2 and 3. Thus, the presence of areas above the frontier of health care utilization implies inequity for the population as a whole. iii. HCD(x; p) is monotonically increasing in the average HCG µ.
iv. HCD(x; p) is monotonically increasing in the variance of the distribution of the HCGs.
Properties (i) and (ii) derive directly from the definition of HCD(x; p); (iii) and (iv) are implied by condition (i).
The HCD profile offers a measure of deprivation in the utilization of health care in the whole population of areas, defined as receiving less health care than needed. The reliability of this measure depends on the extent to which the need expected health care utilization h* is a correct estimator of the population need for health care. h * is defined as a function of the average utilization in the population as a whole (Equation (3)).
Thus, it is assumed that observed and needed health care on average are equal in the total population. Specifically, the HCD profile assumes that on average there is not an over or under utilization of health care in the population with respect to each of the J need classes considered. If a large part of the demand for some health care services is not met by the supply, this assumption may not hold. In this case, the measure of health care deprivation captured by the HCD profiles will be under-estimated.
The HCD profile also provides a measure of horizontal inequity for those areas deprived in health care relatively to the population as whole. Proposition 3 allows an interpretation of the distance between h* and h as a measure of both deprivation and horizontal inequity for the areas below the frontier of need expected health care utilization. Although, the HCD profile measures inequity experienced only in this part of the areas, their measure of inequity takes into account the whole distribution of health care in all the areas. For all those areas above the frontier of health care utilization, the HCG vector returns a zero entry. Hence, the HCD profile is not able to measure inequity experienced by the non-deprived in health care areas. However, if some areas are above the frontier of need expected utilization, then at least one area will be deprived in health care (Proposition 1). Thus, the HCD profile will be indirectly able to measure this source of inequity in the population.
Finally, Proposition 2 states an unequivocal relationship between the absence of deprivation and horizontal equity in the whole population of areas. Therefore, the absence of deprivation in health care is a desirable condition since it guarantees horizontal equity for all the areas.
HCD-dominance and HCD-indices
In the inequality literature, the Lorenz dominance criterion requires a minimal set of value judgements ‡ in order to compare inequality in the distribution of income of different populations. This results in robust, but incomplete rankings. Inequality indices (e.g. the Gini, Theil or Atkinson index) play an important role whenever the Lorenz dominance criterion is not capable of ordering two distributions. These indices incorporate a larger number of value judgements, but are able to produce complete rankings. In this section, we follow the same axiomatic approach and illustrate the normative assumptions which characterize the dominance relation between HCD profiles and the class of indices consistent with HCD-dominance rankings.
Consider the class of indices ∆ defined over the HCG vector, x, that satisfies the following normative properties: Then:
For any vector x' and x, x' HCD-dominates x if and only if ∆(x') < ∆ (x) for all ∆(.)∈∆. (Shorrocks, 1998; Lambert, 1997 and 1998) Axioms 1 to 4 are widely accepted in the inequality literature and so we will not comment on these further (Lambert, 2001 The HCD-dominance relation produces ranks that satisfy all the normative axioms listed above and are robust to any specification of the indices in the class ∆. This means that the HCD ranks are consistent with any social preferences for inequity and deprivation that satisfy the axioms. In particular, HCD-dominance ranks are consistent with preferences concerned exclusively with those areas having the largest HCG (Rawlsian preferences), and with preferences that make trade-offs between the largest and the average HCG in the population of areas. When the HCD profiles cross there is no dominance relation between distributions, and thus it is necessary to specify an index or a set of indices in the class ∆(.) in order to obtain a complete ranking. This is equivalent to assuming some particular specification of social preferences. Complete rankings are obtained at the price of a loss of robustness, since they are no longer consistent with the entire preference spectrum defined above.
The Foster, Greer and Thorbecke (1984) class of poverty indices belong to the set ∆(.)
and are valuable candidates for the inequity analysis § . They can be defined as a function of HCGs and used as indices of horizontal inequity and deprivation in health care.
Following the framework delineated in Section 2, we obtain:
Where α is a parameter that defines the social preferences for the distribution of inequity among the areas deprived in health care. When α = 1, the FGT-index equals µ and we obtain inequity ranks consistent with preferences that care only about the average HCG in the population of areas. When α > 1, the transfer axiom holds and the inequity ranks are consistent with preferences that allow trade-offs between the distribution of the HCG and the value of µ. Whenα → ∞ , no trade-off is allowed and inequity is ranked according to the area having the largest HCG in the population § The FGT indices are not new to health economics. Madden (2006) has applied this class of indices in the analysis of the distribution of Body Mass Index scores in Ireland, but to our knowledge they have not been applied to equity in the delivery of health care.
(Rawlsian preferences). A useful characteristic of the FGT family of indices is their additive decomposability property: if the population of areas is partitioned into K subgroups, then the overall value of the index can be expressed as a weighted sum of the value of the index in each subgroup. Therfore, the measure of inequity is subgroup consistent: a reduction in the inequity of one group will result in a reduction of inequity in the total population of areas. This property can be expressed as:
Where k π is the proportion of areas in the subgroup k and x k is the HCG vector for the group k. GPs who did not join the scheme bore no cost in referring patients to hospital.
Analysis of the GP fundholding reform
Many empirical studies have investigated the consequences of the scheme for secondary care admissions (Coulter and Bradlow, 1993; Propper, et al., 2002; Dusheiko et al., 2006) . Virtually all these studies use a regression approach to evaluate the effect of fundholding and do not focus on the consequences for equity. The main contribution of our study is to analyse the effect of fundholding on equity, and to do so in a way consistent with a wide range of social preferences.
Data
We 1990 were assumed to be unchanged with respect to the 1991 census point.
Socio-economic status
The Census-based Townsend deprivation Z-score is used as an indicator of socioeconomic status (Carstairs, 2000) . This is constituted by four components: 
Need variables
The ward population size aged over 44, split by five-year bands (from 44 up to over 90) and by sex is used as indicator of need. Few elective hip procedures are performed on patients under 45 (Dixon et al., 2004) . In addition, we consider a standardized illness ratio: the proportion of residents of households aged 60 and over having limiting long standing illness, standardized for age and sex.
GP fundholding index
We 
Methods of analysis
Elective hip replacements for all adults aged over 44 are used as an indicator of health care utilization. The vector of need-expected utilization, h*, is computed following
Equations (3) and (4):
Where J = 10 are need classes (five age classes for men and five for women aged from 44 up to over 90); p ji is the number of people in the ward i in the age and sex stratum j; h j is the national utilization rate for age and sex stratum j, i.e. the national count for England in the current year divided by the national population in that year. This specification of h * facilitates inequity comparison between different years since it allows for the increase in national utilization over the period considered.
The HCG vector defined in section 1 is obtained as: x i = max (h i *-h i ; 0), where h i is the observed count for elective hip replacements in ward i. We account for potential bias due to heterogeneity in the ward population size using indirect standardization ** Also, we attempt to control for unobservable heterogeneity of the HCGs in the need for hip replacements that is not captured by demographic variables. The standardized illness ratio defined in section 4.1 is used as a proxy of the need for hip replacements. However, we find that the latter is not significant in explaining the variation in the HCGs after controlling for the ward population aged over 44.
Trends in inequity over time were tracked for all the health care deprived wards. The FGT indices are computed for the whole population of English wards from 1989 to 1991 and decomposed by level of socio-economic deprivation, as measured by the Townsend index, in four quartiles (most affluent 1 st , most affluent 2 nd , most affluent 3 rd , most deprived quartile). The parameter α is set: α = 1, producing ranks consistent with social preferences that care only for the average HCG; α = 2, producing ranks consistent with social preferences that trade-off inequality in the distribution of HCGs with the magnitude of the average HCG. Robust standard errors are computed accounting for heterogeneity in the ward population size using statistics developed for the index in the literature on poverty † † (Kakwani, 1993; Joliffe et al., 2004) .
The impact of the GP fundholding reform on equity is analysed by focusing on the most socio-economically deprived quartile of electoral wards deprived in health care. We expect that, if the reform has an impact on equity this is more likely to be evident in those wards where inequity has consistently been present over the period of time considered (Figure 2 and Figure 3) . Also, selecting the most socio-economically deprived quartile of wards has two advantages. First, we achieve some additional control for unobserved heterogeneity in the need for hip replacement across the wards:
if unobservable need for hip replacement is positively correlated with the level of deprivation of the wards, selecting the most socio-economically deprived wards would reduce such heterogeneity in the analysis. Second, we exclude that part of the population that is more likely to select out from the sample by opting for private health care treatment, which is not observable in our dataset. This is a particularly relevant issue for hip replacement, since one quarter of all the procedures recorded in England during the period examined were performed by the private sector (Williams and Rossiter, 2004) . Thus, potential bias coming from sample selection should be considerably reduced.
The most socio-economically deprived quartile of wards is initially partitioned into two groups: the control group composed of wards having a proportion of people registered in a FH practice lower than 20%, and the treatment group having a proportion of people † † These statistics are validated using bootstrapped standard errors. registered in a FH practice larger than 20%. In order to check the robustness of our findings further subgroups are considered, dividing the treated group according to increasing fundholding penetration ‡ ‡ (20-40%, 40-60%, more than 60%, 40-100%). We compute HCD profiles for each group from 1991 to 1996 and test for HCD-dominance implementing the statistical test developed by Davidson and Duclos (2000) . The HCD profiles are displayed in Figures 4 and the results of the tests are in Table 2. FGT indices (parameters α=1 and α=2) are computed for the groups of wards defined above from 1991 to 1996. An index of relative inequity is computed dividing withingroup FGT indices by the FGT index for the sum of the groups:
K is the number of subgroups of wards defined by increasing degree of fundholding penetration in the most socio-economically deprived quartile of wards (i.e. a subset of the total number of wards N). "The relative FGT index" shows the inequity share of each group according to the level of fundholding penetration: a ratio above 1 indicates more inequity than the average, i.e. the inequity measured in the sum of the groups.
Results are shown in Table 3 and in Figure 5 and Figure 6 . We test for the hypothesis of no significant difference in the share of inequity between all groups from 1991 to 1996 using bootstrapped standard errors.
The test for the hypothesis of no treatment effect is implemented using a difference-indifferences approach. First, we compute the difference between treated groups before and after the fundholding reform was implemented, then we subtract from this value the difference between the control group before and after the reform. 1989/90 was set as benchmark financial year, since it falls two years before the start of the FH scheme, allowing us to account for potential strategic behaviour of GPs preparing to become ‡ ‡ Further stages of decomposition are not achievable for 1991 and partially achieved for 1992 wards, because of insufficient observations having fundholding penetration higher than 40% in those early years (only 58 wards in 1991 and 130 wards in 1992).
FHs in 1991 (Croxson, et al., 2001) . This difference-in-differences approach can be formulated as:
, , ' 8 9 , , ' 8 9
where f is the treated group and nf is the controll group. The DID allows us to control for time confounders and for self-selection. On the one hand, comparing the FGT indices for the treated groups before and after the reform alone will not identify the treatment effect because of unobservable heterogeneity in policy incentives and other temporal factors that might have occurred along the two periods. On the other hand, comparing the FGT indices between the non-treated and treated groups alone will not identify the treatment effect because of unobservable heterogeneity in relevant characteristics of the practices that self select into the scheme. The DID identifies the treatment effect under the assumption that the effect of time and policy confounders follow a common time trend for fundholding and non fundholding practices (Jones, 2007) . The results are reported in Table 4 .
Results
HCD profiles and FGT indices can be interpreted both as measures of deprivation in the access to elective hip replacements and as measures of inequity with respect to those wards which result to be deprived in health care. We will follow the latter interpretation in explaining the results of our analysis. to two alternative specifications of the social preference for the distribution of inequity captured by the parameters α=1 and α=2 of the index. Our findings are consistent with a large part of the literature on socio-economic inequalities and inequity in elective hip replacement in the NHS (Chaturvedi, 1993; Cookson et al., 2007) . The difference between the average HCG of the most socio-economically deprived quartile and the average HCG of other quartiles ranges from 0.66 elective hip replacements in 1989 to 1.54 in 1993 ( Figure 2 ). This is a quite substantial disparity if we consider that the (population-over-44 weighted) average number of elective hip replacements for each ward was 3.57 in 1989 and 4.86 in 1993. Table 2 . HCD-dominance ranks in the most socio-economically deprived quartile of wards; all observations are grouped by level of fundholding penetration (0-100%); test for dominance from Davidson and Duclos (2000) .
Note: A = 0 to 20% of people registered in a GPFH practice; B = 20% to 100%; C = 20% to 40%; D = 40% to 60%; E = 60% to 100%; F = 40% to 100%. SSD** = second order stochastic dominance significant at 5%; SSD*= significant at 10%; no dom = not significant. In the most socio-economically deprived quartile of wards, higher FH penetration is associated with less inequity for all those wards deprived in health care (Table 2, Figure   4 ). There is a clear dominance rank by increasing degree of FH penetration in 1991 to 1993. However, this dominance relationship holds only with respect to the top FH penetration group (i.e. 60-100% FH penetration) in 1995 and 1996, and is not statistically significant in 1994. Turning to the FGH indices, inequity falls with increasing degree of FH penetration over all the years of the reform (Table 3 , Figures 5   and 6 ). In 1993, people in socio-economically deprived wards with over 60% FH penetration have an average HCG 29% smaller than the average for wards in the same most socio-economically deprived quartile of electoral wards (Table 3 , Figure 5 ). The positive relationship between FH penetration and equity reduces in intensity after 1993 and holds only for the top FH penetration groups, confirming the dominance ranks in Table 2 . We can interpret this change in the trend as a break in the characteristics of the FHs: early waves of FHs were more responsive to equity in the distribution of access to elective hip replacements, while late waves of FHs were less responsive. Previous studies support the hypothesis of a break in the characteristics of the GPFHs that joined the scheme after 1993 (Baines and Whynes, 1996) . The authors bring evidence that FHs in the first three waves were more likely to meet a set of quality and efficiency targets than the FHs in subsequent waves. An alternative hypothesis is that the change in the trend is a consequence of a change in the behaviour of the early wave FHs. However, neither the former nor the latter hypothesis can be tested in our study. Since our unit of analysis is the electoral ward, we are not able to adequately disentangle the effects of individual waves of FHs. Note: A = 0 to 20% of people registered in a GPFH practice; B = 20% to 100%; C = 20% to 40%; D = 40% to 60%; E = 60% to 100%; F = 40% to 100%. ** = significant at 5%; * = significant at 10%.
Years
The difference-in-differences analysis shows that a large part of the observed equity associated with FH penetration is due to self-selection. In 1991, among the most socioeconomically deprived quartile of wards, more equitable practices tended to self-select into the scheme (Table 4 ). In 1992 and 1993, there is evidence of a positive treatment effect of the FH reform on equity in the distribution of hip replacements. The magnitude of the effect is quite substantial: in 1993 the average HCG in the top FH penetration group reduces by 1.12 elective hip replacements with respect to the population weighted average number of elective hip replacements of 4.86 for each ward. However, we are not able to identify to what extent the effect is explained by the individual waves of FHs that join the scheme in 1991, 1992 or in 1993, since we are not able to control for FH waves. The treatment effect is not statistically significant after 1993. This finding is consistent with evidence that early wave FHs were more "enthusiastic" and "active" than late wave FHs (Le Grand, Mulligan and Mays 1997) . It suggests that the former may have been willing to increase hospital referral rates for severe osteoarthritis among "high-need" individuals living in socio-economically deprived wards, relative to the rest of the population. However, other possible explanations cannot be ruled out in the absence of practice level data that could disentangle selection and treatment effects by FH waves and in the absence of data on GP referral rates as opposed to hospital admission rates. Note: A = 0 to 20% of people registered in a GPFH practice; B = 20% to 100%; C = 20% to 40%; D = 40% to 60%; E = 60% to 100%; F = 40% to 100%. ** = significant at 5%; * = significant at 10%.
Robustness checks
The analysis described in the previous section has been repeated in a subset of the wards considered. We select the most socio-economically deprived deciles of wards and obtain very similar predictions both for the treatment effect and the cross sectional analysis. In this case the results should gain some additional control for unobservable heterogeneity in the need for hip replacement if this is correlated with the level of socio-economic deprivation.
The treated groups were merged and split in the following sets: (20-100%), (20-40%, 40-100%), (20-40%, 40-60%, and 60-100%). Our predictions are robust across these sets of groups. Moreover, the larger the proportion of people registered in FH practices, the lower is the value of the FGT indices and thus the lower is inequity for that subgroup.
Finally, we check for potential bias coming from heterogeneity in the presence of GP practices preparing to become FHs in the follower year across the groups considered.
Previous studies show evidence of strategic behaviour: pending FHs raised their admission rates the year before joining the scheme in order to assure themselves a larger budget in the following year (Croxson, Propper et al., 2001) . This may result in lowering or raising the HCGs, the larger or the smaller is the presence of the next wave of FHs across the groups considered. Since we do not observe single GP practices but only the proportion of people in such practices for each ward, we are not able to control for this variable directly. However, we provide some indirect control for it: we define a binary indicator identifying those wards having more than 20% of people registered in GP practices preparing to become FHs in the next year. This indicator was cross tabulated with the treated and non-treated groups. The proportion of wards having more than 20% of forthcoming FHs penetration is larger in the control group than in the treated groups from 1991 to 1993; it becomes almost equal in the following years. Thus, if forthcoming waves of FH were artificially increasing admission to secondary care for elective hip replacements, this should result in a disproportionately lower value of the FGT index for the control group and in an upward biased estimate of the treatment effect in 1992 and 1993 -i.e. the treatment effect should be larger in absolute terms.
Conclusions
The methodological contribution of this paper is to introduce some developments in the literature of poverty and deprivation to the analysis of inequality and inequity in health care. The HCD profiles define deprivation in health care as receiving less care than needed. This definition is strictly related to inequity, since a common interpretation of equity in health care is that resources have to be allocated with respect to individuals' needs rather than individuals' preferences. Thus, if some minorities in the population have inadequate access with respect to their need, this is generally regarded as an issue of social justice. In this context, the definition and the measurement of need for health care assumes a crucial role. The HCD profiles do not depend on a specific definition of need. In this paper, we have proposed a function of the average utilization observed in the total population as need estimator, following the tradition of the literature on health care inequality. In turn, this has led us to determine a link between horizontal equity and deprivation. However, alternative definitions of need can be specified, and thus alternative view on equity can be included in the HCD profiles.
A wide class of indices consistent with the HCD-dominance ranks can be introduced from the literature on poverty to provide measures of inequity and deprivation in health care. The FGT indices are members of this class and have some appealing properties.
First, these indices are additive decomposable: inequity measured in the total population is a weighted average of inequity in the population subgroups. Hence, the measure of inequity is subgroup consistent: a reduction in the inequity of one group will result in a reduction of inequity in the total population. This property enables us to calculate different subgroups' contributions to overall inequity and to identify those groups suffering the largest inequity in the population. Often, the latter represent valuable information for the policy maker. Second, the FGT indices permit an explicit specification of social preferences for inequity and deprivation into a single parameter.
Therefore, it is possible to test the robustness of the inequity ranks to alternative views about equity which endorse different trade-offs between the average HCG and inequality in the distribution of the HCGs.
The HCD profiles disregard information on inequity of one part of the distribution, i.e. those units having more utilization than their need-expected level. On one hand, focusing sharply in this way results in a graphical representation of useful information on the inequity experienced by those who are below their need expected utilization (i.e. the incidence the intensity and the inequality in the distribution of the HCGs). On the other hand, the HCD profiles represent inequity experienced only by one part of the population. However, we have shown in Section 3 that this measure of inequity takes into account information on the whole distribution of health care in the population of areas. Furthermore, it is possible to reverse the focus and look only at that part of the distribution receiving more than their need expected level of health care -i.e. an analysis of health care affluence profiles.
Section 4 illustrates an empirical application of the HCD profiles to measure the effect of the GP fundholding reform in the English NHS. Inequity in the distribution of elective hip replacements is measured as unequal treatment for equal need among those electoral wards deprived in health care. Inequity trends over time are analysed across socio-economic quartiles of wards. Measures of inequity are decomposed according to increasing level of FH penetration in the most socio-economically deprived quartile of wards. We produce HCD-dominance ranks associated with FH penetration, which are consistent with a large range of social preferences. The effect of the FHs reform on equity is identified using a difference-in-differences approach under two alternative specification of social preference for inequity embedded in the parameter α of the FGT index. The additive decomposability property of the FGT indices is crucial for the implementation of this estimation method, since it permits a decomposition of inequity measures by treated and non treated groups.
Our results show that in 1991 the lower level of inequity associated with fundholding is due to self-selection of the most equitable practices into the scheme. There is evidence of self-selection and also a positive treatment effect on equity in 1992 and 1993. The treatment effect is considerable. In 1993/4, the average health care gap between the actual and need-expected number of elective hip replacements in the top fundholding penetration wards fell by 1.12 hip replacements, compared to a population-weighted average number of elective hip replacement of 4.86 for each ward. However, we are not able to identify such effect by waves of FHs. Finally, in 1994 to 1996 the positive effect on equity is explained only by self-selection and is significant only in the group with the highest penetration of fundholding. 
